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Abstract Although bone stress injuries are common in

male military trainees, it is not known how common they

are in female trainees. It also is unclear whether asymp-

tomatic bone stress injuries heal if intensive training is

continued. We prospectively followed 10 female trainees

of a military Reserve Officer Course. The subjects

underwent clinical and MRI examinations of the pelvis,

thighs, and lower legs at the beginning, once during, and

at the end of their 3-month course. We identified two to

five injuries in every female trainee, all of whom already

had the injuries at the beginning of the officer course.

None of these injuries increased their severity despite

vigorous training. Two-thirds were asymptomatic and low

grade. Femoral and tibial shafts were the most common

locations. Higher-grade injuries were more likely symp-

tomatic, but regardless of the MRI findings, female

trainees expressed only mild to moderate symptoms.

Asymptomatic, low-grade bone stress injuries of the

femoral and tibial shaft are common in female recruits

undergoing heavy physical training. Because these injuries

seem to remain constant or even disappear despite con-

tinued heavy physical activity, we do not recommend

routine screening of asymptomatic trainees. As some bone

stress fractures may have severe consequences (eg, in the

femoral neck), symptomatic bone stress injuries should be

examined and treated.

Introduction

A fatigue bone stress injury occurs when abnormal stress,

usually in the form of multiple stress or frequent repetition

of otherwise normal stress, is exerted on a bone with nor-

mal elastic resistance but unaccustomed to that action [4, 9,

12]. A typical patient history for fatigue bone stress injuries

includes a rapid increase or alteration in physical loading

magnitude and/or intensity of physical activity as part of a

training program. Under increased physical load, bone

remodeling accelerates, resulting in microfractures [8, 19].

To prevent these from coalescing into macroscopic frac-

tures and to give them enough time to heal, adequate rest is

required [13]. Because diagnosing bone stress injuries by

clinical history and examination is difficult, imaging

methods typically are needed to help reach an accurate
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diagnosis and decide on treatment in case of a strong

clinical suspicion [26].

Fatigue injuries of the lower extremities reportedly

occur in athlete populations [5, 6] and among the military,

especially during the beginning of the military service [22,

23]. In reports on training programs with the main focus on

running, the occurrence of such injuries have ranged from

10% to 49% [6, 18], depending on the type of sport, gen-

der, and imaging method used [2, 4, 11, 12]. Several

studies have shown MRI has high sensitivity and specificity

for detecting bone injuries [16, 17].

Female gender generally is considered a risk factor for

bone stress injuries. In addition, the anatomic location of

these injuries varies by gender [7, 15, 22]. It previously

was reported MRI-diagnosed bone stress injuries of the

pelvis and femoral neck are substantially more common

among female recruits than among male conscripts

[1, 17, 22].

The objectives of this limited prospective study were to

assess the (1) occurrence, (2) prognosis, (3) anatomic dis-

tribution, (4) symptoms, and (5) association between

symptoms and grades of bone stress injuries to the pelvis,

femur, and tibia in female elite military trainees.

Materials and Methods

We prospectively followed all 10 female trainees of one

Reserve Officer Course at the Central Military Hospital,

Helsinki, Finland who entered service in 2000. Their

mean age was 20.2 years (range, 19–25 years). All 10

subjects were examined by an orthopaedic surgeon at the

beginning, once during, and at the end of the course.

After each clinical examination, the women underwent

MRI of the pelvis and the lower extremities. One trainee

interrupted the course owing to health-related reasons and

therefore had only the first MRI scan. The study was

approved by the Medical Ethics Committee of our insti-

tution. Informed, written consent was obtained from all

participants.

All Finnish men become liable for a 6-, 9-, or 12-month

long military service at the age of 18 years. Military ser-

vice is voluntary for women. Each year, approximately

23,000 to 26,000 male conscripts and 370 to 500 female

recruits undergo training, during which identical military

equipment is used by both genders. After 8 weeks of basic

training, men and women, selected on the basis of physical

fitness and psychological tests, are enrolled in the Reserve

Officer Course. This course lasts 3 months and, in addition

to military leadership education, consists of physical

training, including marching, cycling, and drill, combat, or

other training involving physical loading. During combat

training and marching, every military trainee usually

carries approximately 26 kg (in summer) or 36 kg (in

winter) of personal military equipment. At times, soldiers

have to carry an additional 5 to 20 kg of team military

equipment. Additionally, the trainees perform other phys-

ical exercises such as jogging, team sports, or circuit

training on a weekly basis.

The histories and examinations by the orthopaedic sur-

geon were repeated at 6-week intervals. The history

included the presence, intensity, and location of pain and

the examination included palpation and estimation of the

range of movement of the hip, knee, and ankle. Any other

observations considered relevant for the study also were

recorded. To determine the degree of pain experienced by

the patient, we used a 10-point (0–10 cm) visual analog

scale, where 10 = the greatest pain. Body mass index

(BMI) was calculated during the beginning of the course.

Three categories were used: underweight (BMI \ 20 kg/

m2), normal (BMI = 20–25 kg/m2), and overweight

(BMI [ 25 kg/m2) [20].

All subjects underwent MRI scans on a 1.0-T scanner

(Signa Horizon; GE Medical Systems, Milwaukee, WI) at

enrollment, at 6 weeks, and at 12 weeks. A body coil with

a field of view of 32 to 48 cm 9 24 to 48 cm was used to

screen the pelvis and both lower extremities with a coronal

STIR (short tau inversion recovery) sequence (repetition

time/echo time/inversion time = 5400/17/140 ms, with

two signals averaged). For the pelvis, femur, and tibia, a

256 9 224 matrix was used with a slice thickness of 4.0 or

5.0 mm with a 0.5- or 1.0-mm intersection gap. Additional

sequences were taken when needed to control images. No

contrast media were used. We diagnosed a bone stress

injury if there were edema of the bone marrow, periosteum,

and muscle surrounding the bones; fracture line; and callus

in the cortical bone [14, 15]. On the STIR images, edema

appeared as a high signal intensity, fracture line as a low

signal intensity line, and callus as an intermediate signal

intensity mass associated with the cortex.

Two radiologists (MHN, MJK) separately evaluated the

MRI scans. In cases of differing interpretations, the final

decision was made by consensus. On the basis of MRI

findings, bone stress injuries were classified according to

injury location and type into low grade (Grades I–III) and

high grade (Grades IV–V) as follows: Grade I, endosteal

marrow edema; Grade II, periosteal edema and endosteal

marrow edema; Grade III, muscle edema, periosteal edema,

and endosteal marrow edema; Grade IV, fracture line; and

Grade V, callus in cortical bone [15, 16]. Although, to our

knowledge, the grading system has not been validated, it

has been reported in the literature [10, 16, 28]. For calcu-

lating the interobserver variability, the original separately

made evaluation of the two radiologists was used. The

interobserver variability in our MRI scans was 0.97, which

can be considered almost perfect.
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Results

The first MRI scan performed at the beginning of the

officer course revealed all 10 trainees had two to five

bone stress injuries on the basis of basic military training

(altogether 30 injuries). The second scan after 6 weeks’

service in the officer course revealed one new bone stress

injury of the femoral neck (Grade IV). In addition, five

injuries, which had been visible on the MRI at the

beginning of the officer course, had disappeared despite

the vigorous military training. For the period between 6

and 12 weeks in the officer course, 16 new injuries were

detected (Table 1). None of the stress injuries seen at

6 weeks on MRI disappeared, but their severity grading

did not increase either. Thus the female trainees had 30

injuries at the beginning of the officer course and 15 more

developed during the course. None of the injuries

increased in severity grading after the MRI scans

(Figs. 1–3).

Of all 46 bone stress injuries, five were high grade

(Grades IV–V), and they did not progress despite con-

tinued training (Table 1). Every female trainee had

bilateral femoral bone stress injuries at some point during

our followup. In addition, two trainees did not have

injuries at the tibial diaphyses; these two had only uni-

lateral injuries.

The most common anatomic locations of bone stress

injuries were the femoral diaphyses followed by the tibial

diaphyses (Table 2.). More uncommon anatomic locations

were one ramus, one tibial condyle, one femoral neck, one

fibular diaphysis, and one sacral injury.

From the 30 bone stress injuries seen at the beginning of

the study, 16 were symptomatic (53%). The only new

injury detected between 0 and 6 weeks was symptomatic,

whereas 12 injuries that caused symptoms at the beginning

became asymptomatic despite vigorous training. Of the 16

new injuries detected between 6 and 12 weeks, four caused

symptoms.

The symptoms increased with the grade of the injury so

that all Grade III to Grade V injuries were symptomatic at

some point during the study (Table 2). Subjects described

the intensity of pain on a visual analog scale (1–10 points)

as ranging from 1 to 4 points. The typical symptoms for

femoral shaft bone stress injuries were hip, groin, and knee

pain. Knee pain also was associated with bone stress injury

of the tibial condyle and tibial shaft. Slight hip pain was

associated with a femoral neck injury in one trainee, groin

pain with an injury to the pelvic ramus in one, and gluteal

pain with a sacral injury in one. Anterior tibial pain was a

typical symptom for an injury in the tibial shaft. In addition

to pain related to injury, five trainees reported mild or

moderate pain in the lower or upper back, shoulder, and/or

head and neck (Table 1).

Discussion

Bone stress injuries are common in athlete and military

populations, in which subjects are exposed to a sudden

increase in physical training [8, 29]. The objectives of our

study were to assess the (1) occurrence, (2) prognosis, (3)

anatomic distribution, (4) symptoms, and (5) association

between symptoms and grades of bone stress injuries to the

pelvis, femur, and tibia in female elite military trainees.

The study had obvious limitations. The sample size was

small and the followup relatively short. However, our

followup covered the most vigorous training period of the

entire military service.

The principal finding of our study was the repeated MRI

examinations conducted on physically active female mili-

tary recruits revealed numerous bone stress injuries in

every subject, the majority being asymptomatic and low

grade. This is in accordance with a previous study [14].

One critical dilemma is whether asymptomatic bone stress

injuries identified with MRI should be monitored or treated

[4, 14, 20]. Also, all female military trainees already had

injuries at the beginning of the officer course, most prob-

ably the result of the 8-week basic military training.

Military service is voluntary for women in Finland, and

therefore we may assume the female recruits are highly

motivated to attend the required training and express fewer

symptoms. The multitude of asymptomatic bone stress

injuries seen in this study population is the result of the

increased physical loading during intensive military train-

ing. We might ask whether low-grade asymptomatic bone

stress injury seen on MRI represents the bone’s normal

response to rapidly increased physical training. However,

because some bone stress fractures may have severe con-

sequences (eg, in the femoral neck), symptomatic injuries

should be examined and treated. Routine screening of

asymptomatic subjects may lead only to unnecessary rest

or unsubstantiated modification of the training program.

The prognoses of bone stress injuries seen on MRI scans

were good: none of the injuries progressed despite the fact

that physical training was continued within pain limits. A

substantial proportion of the low-grade injuries disappeared

despite intensive training being continued, indicating rest is

not necessary for the healing process. The exception was

obviously the injury in the femoral neck, which was treated

according to the Finnish Defence Forces’ policy with

complete rest. The femoral neck is considered a high-risk

area because of the potential for displacement [24, 25]. A

displaced femoral neck stress fracture in a young person

may have disastrous consequences because the postopera-

tive clinical course may be complicated by osteonecrosis of

the femoral head [24]. When a typical patient history

includes the important signs of female gender and hip and

groin pain combined with a rapid increase in physical
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loading, MRI with adequate followup has been recom-

mended to diagnose a possible femoral neck injury [23].

In the current study, the most common anatomic loca-

tion of bone stress injuries was the femoral shaft, in which

½ of the injuries occurred. This is in accordance with the

literature, which shows, when running constitutes the major

part of the physical training program such as in military

training, bone stress injuries of the femoral and tibial shaft

are common [6, 21]. Femoral shaft injuries were discov-

ered during the first and third MRI examinations in all

subjects, and they were either solitary or combined with

another injury in a different location. In a report with

Fig. 1A–B A 19-year-old female

trainee experienced slight, right-

sided gluteal pain during the third

month of the 3-month course. (A)

A coronal STIR image reveals

endosteal edema in the proximal

femoral shaft, which appeared on

the first, second, and third MR

images (arrows). (B) A tiny frac-

ture line on the right side of the

sacrum with surrounding edema

is visible on the third MR image

(arrow).

Fig. 2A–C A19-year-old female

trainee had slight, bilateral hip

pain and low back pain of varying

intensity from the first month

onward during the course. Pain

intensity in the left hip was

somewhat increased during the

second month of the 3-month

course but remained low. Coronal

images reveal endosteal marrow

edema in the middle and distal

femoral shafts on the (A) first and

(B) third MR images (arrows).

(C) A tiny fracture line with

surrounding edema is seen in the

left femoral neck on the second

MR image (arrow).
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similar findings, low-grade femoral shaft injuries were

found in association with high-grade injuries [17]. At the

second MRI examination, the number of femoral shaft

injuries was lower compared with the first and third

examinations, probably because of the different amount of

endosteal edema resulting from the preceding lower

physical strain. All femoral shaft injuries presented as en-

dosteal marrow edema (Grade I), and despite continued

training, subsequent MRI findings did not show any

worsening of the injuries. In the previous 5.8-year MRI-

based study with focus on distribution of stress injuries of

the femoral bone, 20% of injuries occurred in the proximal

third of the femoral shaft, whereas the number of injuries in

the middle and distal shaft amounted to only a small per-

centage [23]. In our study, nearly ½ of bone stress injuries

occurred in the tibial shaft.

We found symptoms occurred in approximately 1
.
3 of

the bone stress injuries compared with approximately 40%

in a previous study among a group of elite male conscripts

[16]. According to the literature, the general symptom of a

bone stress injury typically begins after marching, running,

or exercise, intensifying if the physical activity is contin-

ued and usually disappearing with rest [8]. When bone

stress injuries become more severe, the pain can progress

and become constant. Owing to the often insidious onset of

symptoms, clinical diagnosis of these injuries may be dif-

ficult and nonspecific [27]. We observed similar findings

because, regardless of the strong suspicion by the experi-

enced orthopaedic surgeon, there were no specific findings

in the clinical examination on which a bone stress injury

diagnosis could have been based. Therefore, imaging

studies are always needed to confirm or rule out diagnosis

of an injury [3].

It is widely believed female gender is a general risk

factor for bone stress injuries. It was shown MRI-diagnosed

bone stress injuries of the pelvis and femoral neck are

substantially more common among female recruits than

among male conscripts [1, 17, 22]. In the current study,

repeated MRI examinations of female military recruits

undergoing heavy physical training revealed not only

symptomatic high-grade bone stress injuries but also a

great number of asymptomatic low-grade bone stress

injuries. Regardless of the MRI findings, the women

expressed only mild to moderate symptoms. Asymptom-

atic, low-grade injuries of the femoral and tibial shaft seem

to remain constant in female trainees without progressing

to higher grades even when heavy physical activity is

continued, suggesting routine screening of asymptomatic

trainees is not required. However, symptomatic subjects

should undergo MRI, especially if they have groin and hip

pain and when a femoral neck bone stress injury is

suspected.

Fig. 3A–B A 19-year-old female trainee had

slight right knee pain from the first month

onward of the 3-month course. (A) A low signal

fracture line with surrounding high signal

intensity marrow edema and soft tissue edema

in the tibial condyle is seen on the first MR

image (arrow). (B) A Grade IV fracture line can

be seen in the same female trainee on the second

MR image (arrow).

Table 2. Positive MRI findings and their correlation to positive

symptoms and grade

Bone Number of positive MRI findings/number

of symptomatic cases (MRI grade)

First MRI Second MRI Third MRI

Sacrum 1/1 (IV)

Ramus 2/2* (V, III)

Femur

Collum 1/1 (IV) 1/1 (IV)

Diaphyses 20/7 (I) 14/1 (I) 18/1 (I)

Condyle

Tibia

Condyle 1/1 (IV) 1/0 (IV) 1/0 (IV)

Diaphyses 6/5 (II, V) 6/1 (I) 17/2 (I)

Fibula 1/1 (I)

Total (90/24 [27%]) 30/16 (53%) 22/3 (14%) 38/5 (13%)

* Left upper ramus was Grade V and left lower ramus was Grade III;

this trainee interrupted the course owing to other health reasons.
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